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Re´sume´
Trois axes de recherche sont actuellement a` l’e´tude concernant le devenir des de´chets radioactifs.
Le stockage des de´chets, a` grande profondeur dans des formations ge´ologiques, fait partie de ces
options.
Le colis de de´chets et les diffe´rentes barrie`res sont soumis a` l’attaque de l’eau du site et inter-
agissent entre eux. Ces re´actions me`nent a` des modifications de le composition mine´ralogique des
mate´riaux et de leurs proprie´te´s macroscopiques. Si le couplage chimie-transport est couramment
e´tudie´, la re´troaction des variations de porosite´ est ge´ne´ralement ne´glige´e. Or, l’e´tude des diffe´rentes
interfaces potentielles dans un stockage montre de probables modifications importantes de porosite´.
Ce travail, re´alise´ a` l’E´cole des Mines de Paris et au Commissariat a` l’E´nergie Atomique, visait
a` explorer l’importance effective de la prise en compte des variations de porosite´ dans des mode`les
couple´s chimie-transport.
Un proble`me the´orique, tre`s simple, a permis d’isoler les difficulte´s souleve´es par l’introduc-
tion de la variation de porosite´ dans les calculs. En particulier, elle a mis en e´vidence le roˆle des
diffe´rentes lois macroscopiques reliant la porosite´ au transport et a` la chimie. Paralle`lement, deux
se´ries d’expe´riences, sur des syste`mes chimiques tre`s simples, ont livre´ des informations pratiques
sur des syste`mes colmatants.
Graˆce aux re´sultats de´gage´s, la variation de porosite´, et sa re´troaction sur le transport et la
chimie, ont e´te´ inte´gre´s dans le code couple´ HYTEC de l’E´cole des Mines. Des proble`mes complexes
lie´s a` la barrie`re ouvrage´e de stockage ont alors e´te´ aborde´s (interaction be´ton-argile). Des effets
nouveaux ont pu eˆtre mis en e´vidence, en particulier la limitation des flux due au colmatage partiel
au niveau des interfaces, le ralentissement des fronts de re´actions et meˆme l’inversion du sens de
certaines re´actions.
Abstract
Three research orientations are currently followed for the future of radioactive wastes. Disposal
in deep geological formations is one of these options.
The package and the successive barriers are attacked by the in-situ water and start interacting.
These reactions lead to modifications of the mineralogical composition of the materials and of their
macroscopic properties. While the coupling between transport and geochemistry is widely studied,
the feedback of porosity changes is usually neglected. Yet, studying different possible interfaces of
a repository reveals that large modifications of porosity are likely to occur.
This work, performed at the E´cole des Mines de Paris and Commissariat a` l’E´nergie Atomique,
aimed at investigating the effective consequences of taking porosity changes into account in coupled
geochemistry-transport models.
A simplified theoretic problem was addressed. It highlighted the difficulties of introducing po-
rosity changes. In particular, it pointed out the effect of the several macroscopic relations binding
porosity to transport and chemistry. Separately, two series of experiments, on very simple geoche-
mical systems, gave concrete information on clogging systems.
Following these results, porosity changes and their feedback on chemistry and transport were
inserted in the coupled code HYTEC at the E´cole des Mines de Paris. Complex issues, related to
the engineered barrier, were then addressed (concrete-clay interaction). New effects were found,
including a decrease in the flux of dissolved species, due to the partial clogging at the interface, a
slow down of reacting fronts ; some reactions were even found to change directions.
